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S U M M A R Y
Objectives: The main objective of this study was to assess the prevalence of IgG antibodies against
Toscana virus (TOSV) by an ELISA test and to determine the extent of its circulation in Tunisia.
Methods: An indirect ELISA test was performed to detect anti-TOSV IgG. The results were compared to
those of an indirect ﬂuorescent antibody (IFA) test.
Results: The survey tested 494 healthy people from various regions of Tunisia by ELISA for anti-TOSV
IgG; 47 people (9.5%) were found to be positive. Seroprevalence varied by bioclimatic region and gender.
Two hundred and twelve samples, randomly chosen from the same selected population and tested with
ELISA, were retested using an IFA for IgG antibodies. An 85% concordance between the IFA and ELISA was
obtained (kappa = 0.650).
Conclusions: These serological data conﬁrm the circulation of TOSV in different bioclimatic zones in
Tunisia where the vector sand ﬂies are found. The detection of IgG against TOSV suggests that the
diagnosis of TOSV infection is often neglected, as this virus often causes asymptomatic infections, with
only a few patients developing severe illnesses involving neurological manifestations.
 2013 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Toscana virus (TOSV) is an arbovirus transmitted to humans by
the bites of Phlebotomine sand ﬂies, mainly Phlebotomus
perniciosus and Phlebotomus perﬁliewi.1,2 TOSV belongs to the
Phlebovirus genus of the Bunyaviridae family, and can cause brain
injuries. Many reported cases have shown that TOSV has a tropism
for the central nervous system (CNS) and represents a major cause
of meningitis and meningo-encephalitis.1,3 In Italy, for example,
the virus appears to be one of the three major viral pathogens
involved in aseptic meningitis, whose clinical manifestations
resemble those of other viral agents.4 The cases of meningitis or
meningo-encephalitis caused by TOSV are regularly observed
during the summer season, with a peak in August when sand ﬂy
activity is high.5 The incidence of neurological damage varies from
year to year and is directly related to differences in the annual
density of the vector, which is greatly inﬂuenced by changes in
climatic conditions.
TOSV has been reported in several European countries.
Seroprevalence varies from country to country.5,6 In the southern* Corresponding author. Tel.: +216 71 893 340; fax: +216 71 791 833.
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http://dx.doi.org/10.1016/j.ijid.2013.08.008Mediterranean region, however, the epidemiology of TOSV
infection is still largely unknown. A study conducted in Morocco
showed the presence of TOSV in the sand ﬂy vectors, but included
no data on the epidemiology of the virus in humans.7 We have
recently shown that TOSV is present in Tunisia and is responsible
for approximately 10% of cases of neurological disease.8,9 In
addition, sand ﬂies taken from pools in northern Tunisia have been
shown to carry strains of TOSV.10 The TOSV infection can be
diagnosed using direct methods, such as virus isolation, vital
antigen detection by immunoﬂuorescence, and RT PCR, or by
indirect methods, detecting the presence of speciﬁc IgM and IgG
antibodies using immunoenzymatic techniques.11
The main objective of this study was to assess the prevalence of
IgG antibodies against TOSV in Tunisia by ELISA test and to
determine the extent of its circulation in the country. As an
alternative to the ELISA test, the indirect ﬂuorescent antibody test
(IFA) was used, and results were compared to those of the ELISA
technique.
2. Materials and methods
2.1. Population tested
The seroprevalence study was conducted using sera collected
from 494 anonymous, healthy individuals aged 5 to 85 years. Datases. Published by Elsevier Ltd. All rights reserved.
Table 1
Distribution of the positive cases to TOSV according to geographical origin, age group, and sex
Bioclimatic zones Governoratesa
No. positive/No. tested (%)
95% CI Localitiesb
No. positive/No. tested (%)
Age, No. positive/No. tested Sex
5–19 20–39 40–59 60 M F
Humid Jendouba 15/274 (5.5%) 3.1–8.87% Jbel el Jouza 0/33 0 7 15 11 22 11
El Faija 5/89 (6%) 0 25 38 5/26 64 25
Tbe´nia 0/32 0 1 23 8 23 9
Ain Draham 9/63 (14%) 0 5 7/42 2/16 48 15
Tabarka 1/57 (2%) 1 16 1/25 15 40 17
Semi-arid Mahdia 26/112 (23%) 15.76–32.14% - 2/35 8/32 12/30 4/15 51 61
Arid Tataouine 6/108 (5.6%) 2.07–11.70% - 4/58 1/32 1/16 0/2 54 54
Total 47/494 (9.5%) 7.07–12.45% 6/94 10/118 21/189 10/93 302 192
CI, conﬁdence interval; M, male; F, female.
a p < 103.
b p = 0.002.
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origin for each person were recorded, and subjects were classiﬁed
into four age groups (Table 1). Sera were taken from volunteer
blood donors from whom informed consent was obtained. Sera
from persons younger than 20 years and older than 60 years came
from the serum banks of regional hospitals of each governorate,Figure 1. Map of Tunisia: location of the regions studied.where the individuals had attended appointments for various
examinations with non-infectious pathological indications.
The population studied came from three governorates
(Figure 1) – Jendouba, Mahdia, and Tataouine – in different
bioclimatic zones. In Jendouba Governorate, located in a humid
bioclimatic zone12 that gets more than 800 mm of annual rainfall,
274 serum samples were taken from people living in ﬁve randomly
selected localities: Jbel el Jouza, Tbe´nia, Ain Draham, El Faija, and
Tabarka. In Mahdia Governorate, located in central Tunisia in a
lower semi-arid bioclimatic zone12 with annual rainfall between
200 and 300 mm, serum samples were taken from 112 individuals.
In Tataouine Governorate, located in the south in an arid
bioclimatic area12 with annual rainfall between 88 and 157 mm,
108 samples were collected for antibody testing.
2.2. ELISA detection of IgG antibodies against TOSV
An indirect ELISA test was performed to detect anti-TOSV IgG
antibodies, as described above.8 Wells of polystyrene plates were
coated with a predetermined optimum quantity of positive and
negative antigens (ISS Phl.3), in phosphate-buffered saline (PBS)
(pH 7.2) and incubated overnight at 4 8C. Human sera were diluted
at 1:100 in PBS–TM (PBS, 0.05% Tween 20, 3% milk). Two negative
and two positive control sera were included in each assay. Goat
anti-human IgG (Fc-speciﬁc) peroxidase conjugated antibody
(Sigma) was diluted at 1:1000 and added to each well. The color
reaction was developed by adding a substrate solution containing
3,30,5,50-tetramethylbenzidine (TMB) (Sigma). At each step, the
reaction mixture was incubated for 75 min at 37 8C and washed
extensively with PBS–Tween. H2SO4 was added at a ﬁnal
concentration of 1 N to stop the reaction. All serum samples were
tested in duplicate with viral and negative control antigens. The
IgG ELISA cut-off value was determined by the mean plus three
standard deviations of the optical densities (OD) read, calculated as
the average OD with antigen minus the average OD with negative
control antigen. The borderline between positive and negative
samples was calculated as the mean of the test results of 30 known
negative sera plus three standard deviations. The OD of each
sample was read at two wavelengths – 450 and 620 nm.
2.3. Comparison of ELISA and IFA techniques
Of the 494 samples tested by ELISA, only 212 were randomly
chosen and re-tested by IFA because of a limited number of slides
and an insufﬁcient quantity of serum left in some samples.
The IFA was performed in accordance with the procedure
described by Valassina et al. (1996).13 Brieﬂy, Vero cells infected
with a TOSV isolate (kindly provided by Dr M. Bouloy of the Institut
Pasteur, Paris) were harvested and collected on spot slides (104
cells per spot); uninfected cells were collected in the same manner
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cold acetone for 10 min. When not immediately used, the slides
were stored at 30 8C. The sample sera were diluted at 1:100 and
screened for speciﬁc IgG antibodies along with negative and
positive control sera included in each assay. Specimens were
incubated for 30 min at 37 8C, then washed three times with PBS
for 10 min at room temperature. A goat anti-human IgG (whole
molecule)FITC antibody conjugate (Sigma) was subsequently
added at a ﬁnal concentration of 1:1000, with Evans blue as a
counter-stain. The slides were incubated for 30 min at 37 8C and
washed with PBS for 10 min. Two operators read each slide twice
and positive results were characterized by small patches of
intranuclear and intracytoplasmic ﬂuorescence.
2.4. Statistical analysis
To compare the seroprevalence obtained in each region,
statistical differences among groups were determined by Pearson’s
Chi-square test. Epi Info version 6.04 was used. A probability (p)
value of less than 0.05 was considered as statistically signiﬁcant. In
addition, the kappa coefﬁcient measuring the agreement between
two rates was used to evaluate the agreement between the ELISA
and the IFA test. If the raters are in complete agreement then kappa
= 1. If there is no agreement among the raters other than what
would be expected by chance (as deﬁned by Pr(e)), kappa = 0.
3. Results
3.1. Serological survey of TOSV
A total of 494 subjects (302 male, 192 female) with an average
age of 45 years were tested. Of the 494 samples, 47 (9.5%, 95%
conﬁdence interval (CI) 7.07–12.45%) tested positive for anti-TOSV
IgG by ELISA. The obtained seroprevalence varied between
governorates and sex, and no signiﬁcant difference was seen
between age groups (p = 0.441).
Among the population tested, 14.6% of women (28/192, 95% CI
9.91–20.38%) and 6.3% of men (19/302, 95% CI 3.38–9.65%) tested
positive for TOSV infection; this difference is signiﬁcant (p = 0.003).
Regional differences were found to be statistically signiﬁcant
(p < 103, Table 1). Of the 274 serum samples tested from
Jendouba, 15 were positive for IgG anti-TOSV corresponding to a
seroprevalence of 5.5% (95% CI 3.1–8.87%); this varied signiﬁcantly
by locality (Ain Draham, Jbel El Jouza, El Faija, Tbe´nia, Tabarka),
with a signiﬁcantly higher value in Ain Draham (n = 9/63; 95% CI
6.75–25.39%; p = 0.002). The seroprevalence rate in Jendouba was
similar to that of Tataouine, where of 108 samples, six were
positive for anti-TOSV IgG (5.6%, 95% CI 2.07–11.70%). By contrast,
in Mahdia, the prevalence was 23% (n = 26/112; 95% CI 15.76–
32.14%).
3.2. Comparison between ELISA and IFA
Among the 212 serum samples tested with the two tests, 18
tested positive with both techniques. Of the remaining 194
samples, 12 were positive by IFA only and four by ELISA only. ATable 2
Comparison of the results of the two serological techniques
ELISA
IFA Number positive Number negative
Number positive 18 12
Number negative 4 178
Total 22 190kappa equal to 0.650 (standard error of kappa = 0.080; 95% CI
0.493–0.808) was obtained. The strength of the agreement is
considered to be good (Table 2).
4. Discussion
Several studies have demonstrated TOSV infection to be
endemic in Mediterranean countries.6 TOSV is considered to be
the most frequent viral agent implicated in neuromeningeal
human infections in endemic countries.14
To investigate the prevalence of IgG antibodies against TOSV in
Tunisia, serum samples were collected from three different
bioclimatic zones. The ELISA test showed that 9.5% (47/494) of
healthy people have antibodies against TOSV; this rate is roughly
similar to that reported in blood donors from the south of France
(12%),15 but lower than that observed in hyper-endemic areas such
as Italy. Indeed, earlier serological surveys have shown that TOSV is
endemic in the Mediterranean Basin with varying seroprevalences:
80% in Italy, 35–60% in Greece, 25% in Spain, and 20% in
Cyprus.3,5,15 By contrast, the seroprevalence found in this
investigation is higher than that observed in Portugal: 3.1% in
the group showed no neurological signs and 4.2% of patients had
neurological signs.16 In the absence of data concerning the TOSV
reservoir host, serological variations are strictly correlated with
favorable habitats for the sand ﬂy vectors,6 with a seroprevalence
distribution based on socioeconomic status. Indeed, in Tuscany,
TOSV seroprevalence was found to be higher in forestry workers
(77.2%) than in the urban population (22.7%).5
In this study, we noted regional variations in seroprevalence:
5.5% and 5.6% in humid and arid zones, respectively, and 23% in the
semi-arid zone. The signiﬁcantly higher rate observed in Mahdia
Governorate can be explained by the exposure of people in this
region to diverse and abundant sand ﬂy populations, predomi-
nantly P. perniciosus and P. perﬁliewi species,17 considered to be the
main vectors of TOSV; these species are more active in warm,
humid environments. During the hot season, populations living in
this area are active outdoors and therefore at greater risk of being
bitten by sand ﬂies.
Seventeen species of sand ﬂy circulate in the different
bioclimatic zones of Tunisia, where their distribution differs from
one zone to another.18,19 In Jendouba, a humid zone, P. perniciosus
and P. perﬁliewi are the predominant species, but the seropreva-
lence of TOSV was only 5.5%. This might be explained by a low
human population density and the lower sand ﬂy densities
previously reported in this zone.20 In Tataouine, Phlebotomus
papatasi and Sergentomyia minuta are the dominant species,
although P. perniciosus exists but at a lower rate.21 The low sand
ﬂy population density of this arid zone could explain the low
seroprevalence of TOSV. Indeed in the Mediterranean Basin, P.
perniciosus is predominant in the sub-humid and semi-arid
zones.22
TOSV is mainly transmitted by P. perniciosus,23,24 the dominant
species in semi-arid and arid bioclimatic zones,19 which is also
involved in transmitting Leishmania infantum to dogs and humans
in Tunisia. The incidence of this protozoan is also higher in the
semi-arid zone.25,26
Our study showed no signiﬁcant difference among age groups.
There was, however, an age-dependent increase in infection in
Jendouba and Mahdia, while in Tataouine, infection was more
frequent among children. A study conducted in Granada, Spain
showed an anti-TOSV IgG rate of 4% in persons <15 years to 60.4%
in those aged >65 years, however this difference was not
signiﬁcant.24 In Tuscany the seroprevalence rate was found to
be 19.8% in adults and 5.8% in children.27 A lower TOSV
seroprevalence in children could be related to lower exposure to
the vector.27
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much less frequently in men than in women (p = 0.003). Women
living in rural areas are usually most involved in cleaning and
feeding animals and therefore near the habitats of sand ﬂies;
consequently they are much more exposed to Phlebotomus bites.
The prevalence of detection of IgG antibodies against TOSV
suggests that the diagnosis of TOSV infection is often neglected, since
this virus usually causes asymptomatic infections, with only a few
patients developing severe illnesses that include neurological
manifestations (meningitis and encephalitis).4 Indeed, our recent
study showed that 10% of patients with neurological diseases (31
cases) tested positive for TOSV IgM.8
We used an ELISA, considered to be the most sensitive
technique,28 to detect IgG antibodies against TOSV, and then carried
out an IFA test to compare the results. These two techniques are
sensitive for detecting anti-TOSV antibodies as compared to other
serological tools. They are known to be easy to use and rapid in
reporting results,29 bearing in mind that positivity for IgG antibodies
does not distinguish between current and past viral infections.
We estimated a concordance greater than 85% between the
results of the IFA and ELISA (kappa = 0.650). However, a
discrepancy between the two techniques was observed and a
positive result obtained for 12 of 212 sera by IFA. This could result
from a false secondary reaction previously reported for IFA,
especially inherent to reading microscope slides. This suggests the
utility of routine double-reading by two technicians.
These serological data conﬁrm the circulation of TOSV in different
bioclimatic zones in Tunisia where the vector sand ﬂies are found.
Physicians should consider this neglected disease in patients with
unexplained meningitis and aseptic cerebrospinal ﬂuid. ELISA
diagnostic assays are recommended to carry out the epidemiological
study. In addition, the development of an RT-PCR is necessary for
research on TOSV and other Naples virus complexes (Naples and
Sicily virus) to identify the viral strains circulating in patients and
vectors. An investigation of sand ﬂy vectors is key to understanding
the epidemiology of the Phlebovirus-related diseases. Investigations
of the bio-ecology and the behavior of each vector species and the
identiﬁcation of the reservoir hosts of such viruses, would help us
understand and monitor these phleboviruses and develop appro-
priate control programs.
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